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Abstract 
     Energy harvesting from environmental vibrations attracts increasing interest in wireless sensor 
networks and microsystems. In this paper, we examine the feasibility of increasing the output power of 
cantilever energy harvesters through segmentation of the piezoelectric layer. Finite element method is 
used to calculate the static and dynamic performance of energy harvester for different segmentations. 
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1.  Introduction 
    Wireless sensor networks (WSNs) provide promising application in environment, health, security, 
military fields in terms of several advantages over existing, wired methodologies, such as flexibility, ease 
of implementation and the capability to access harsh environment [1-2]. Currently, most WSNs use 
battery or chargeable battery to power the operation, which limits their full deployment due to high cost, 
bulk size and short lifetime. Development of energy sources from environments (for example, to convert 
mechanical vibration to electricity) to power WSNs or microsystems attracts increasing interest. Several 
transduction mechanisms including piezoelectric, electromagnetic, and electrostatic have been conducted. 
Piezoelectric type has received much more attentions, because of its higher electromechanical coupling 
efficiency and no need for external voltage source [3]. 
    Currently, the major issue preventing piezoelectric power harvester from broad practical applications is 
the small amount of generated power by piezoelectric materials. Many efforts such as, increasing the 
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bandwidth, tuning cantilever’s resonant frequency, improving AC-DC conversion circuitry have been 
made to improve performance of energy harvester. The structure of the device is one of the key factors to 
affect the efficiency as well [4]. A cantilever configuration with piezoelectric material attached to the top 
or bottom of substrate is most popular for energy harvesting in terms of its simplicity and good coupling 
efficiency. Conventional cantilever energy harvesting configuration is based on a bulk piezoelectric plate 
or layer. To achieve higher output power, here, we propose a new bimorph cantilever energy harvesting 
configuration that consists of a segmented layer of piezoelectric material and a substrate layer. 
Comparison study based on finite element method (FEM) was conducted between conventional 
configuration and the proposed configuration with various segmentations. The paper is organized as 
follows. Section 2 describes theoretical analysis, configuration of proposed energy harvesting and the 
simulation using FEM. And then results and discussions are presented in Section 3. Finally, section 4 
briefly concludes the paper. 
 
2. Theory and Modelling  
 
    The piezoelectric effect, the interaction between electrical field and mechanics was discovered by J and 
P Curie in 1880. Piezoelectric energy harvesting employs active materials that generate charges when 
mechanically stressed. The relations between strain, stress, electric field, and electric displacement of a 
bimorph cantilever are governed by the equations written in the strain-charge form [5]: 
ETdTEsS                                                                                       (1) 
dTETD  H                                                                                          (2) 
Where S is mechanical Strain vector, T is mechanical stress vector, Es is elastic compliance tensor, d is 
piezoelectric strain constant, D is electric displacement vector, E is electric field vector, TH is dielectric 
permittivity tensor. 
    Conventional cantilever energy harvesting configuration is shown in Fig. 1 (a). Here, we propose a new 
bimorph cantilever energy harvesting configuration shown in Fig. 1 (b) that consists of a segmented layer 
of piezoelectric material and a substrate layer (single-crystal silicon).. Aluminium nitride (AlN) is chosen 
for piezoelectric material as its interesting material properties such as fully compatible with standard 
CMOS technology, biocompatibility, good piezoelectric coefficients, good electromechanical coupling 
coefficients, low permittivity and high Young's modulus [6]. The charge induced on the piezoelectric 
layer due to the strain can be calculated by 
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where ܦ௭ǡ௣ is electric displacement,  ܣ௣ is the area of the piezoelectric. The stored electrical energy of the 
segmented harvesting device ܧௌ௧௢௥௘ௗ can be expressed as 
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where ௜ܳ  , ௜ܸ ,ܥ௜ ,ܦ௭ǡ௣ǡ௜, ܣ௣ǡ௜ are the induced charge, potential, capacitor, electric displacement, area of 
the ith segmented piezoelectric piece respectively. For conventional configuration, N=1. It is seen from 
equation (4) that the induced electrical energy is proportional to the square value of electric displacement. 
As the electric displacement distributions along axis Y are uniform in the structure applied here, the 
stored electric energy of the piezoelectric materials depends on the electrical displacement distribution 
along X axis. 
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    Modeling and simulation, typically based on FEM are standard steps for realising high-efficiency 
energy harvesting devices. The FEM modelling here is conducted by commercial software - COMSOL. 
We investigated the configuration of various segmentations from 1 to 30. For the case of 20-segment 
configuration, the mesh is composed of 2328 elements for a total number of degrees of freedom of 
106015. Each material layer is divided into 3 linearly spaced elements along the thickness (Fig. 1 (c)). 
The Aluminium Nitride properties are provided by Comsol. For the supporting structure - Silicon, we use 
the following material constants: Young’s modulus E = 205 GPa, Poisson’s ratio v = 0.28, and density ρ = 
2330 kg/m3. Point force of 0.01N shown in fig. 1 is applied here to induce mechanical strain upon the 
device. We calculated output voltage and stored electrical energy in static mode and its dynamic response.  
 
 
 
 
 
                       (a)                                                     (b)                                                     (c) 
 
 
 
 
 
3. Results 
 
    Calculation has been carried out on configurations of various segmentations.  Surface potential and 
Electric displacement along the axis X of some representative configurations are shown in Figs. 2 and 3 
respectively. Stored electrical energy in static mode is calculated according to equation (4). It is seen from 
Fig. 4 that when piezoelectric layer is divided into 20 pieces, the stored electrical energy has maximum 
value. 
 
       
 
 
 
    In dynamic mode, as shown in Fig. 5 stored electrical energy of bulk configuration is 1.98 x 10-9 J at 
resonant frequency of 1120 Hz, while the stored electrical energy of 20-segmented one is 3.86 x 10-9 J at 
1120 Hz. 
 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
0.002 0.007 0.012
Vo
lta
ge
 (V
)
(m)
bulk layer configuration
6 segmented configuration
20 segmented configuration
0.00E+00
2.00E-07
4.00E-07
6.00E-07
8.00E-07
1.00E-06
1.20E-06
1.40E-06
0.002 0.007 0.012
El
ec
tr
ic 
di
sp
la
ce
m
en
t 
(C
/m
2)
(m)
bulk layer configuration
6 segmented configuration
20 segmented configuration
  
 
 
 
Fig. 1. (a) Layout of conventional bulk bimorph piezoelectric scavenging device; (b) Layout of 20-segmented piezoelectric 
scavenging device, the dimension of the piezoelectric layer here is 14 mm long, 2 mm wide 0.2 mm thick. Segmentation with gap 
of 0.05 mm of piezoelectric layer was arranged uniformly along axis X; (c) mesh of the segmented modal 
Fig. 2. Surface potential along the axis X of bulk plate 
configuration and those of 6-, 20- segmented configurations 
Fig. 3. Electric displacement along the axis X for bulk 
plate configuration and segmented configurations 
Point force 
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4. Conclusions 
     
    We investigated static and dynamic performance of AlN-based energy harvesters of various segmented 
piezoelectric layer. Theoretical analysis and simulation results of the cases in this paper indicate that the 
new segmented configuration has higher electrical energy output than the conventional structures. 
Moreover, the segmented configurations have lower resonant frequency, which increases the capability to 
match environmental vibration frequency and so the output power of harvester.  
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Fig. 4. Stored electrical energy vs. segmentations 
Fig. 5. Dynamic response of bulk layer configuration 
and 20-segmented one 
